Various pore sizes of anodic aluminum oxide (AAO) were fabricated using a two-step anodization process. AAO pores with diameters ranging from 5 to 500 nm were formed in diluted electrolyte solutions of sulfuric acid, oxalic acid, and phosphoric acid. Irregularly shaped tin particles in nano sizes were formed on the AAO using a thermo-vaporizing process. Tin spheres with diameters ranging from 3 to 500 nm were then obtained by reflowing vaporized AAO in silicate oil. A transmission electron microscope (TEM JEOL 2000) was employed to characterize the crystalline structure of a tin sphere with 18 nm diameter.
Introduction
Anodic aluminum oxide (AAO) templates have been widely used to fabricate carbon nanotubes, 1) metal nanowires, 2) nanospheres, 3) and nanostructure components.
4-7)
Tin (Sn) metal has a low electrical resistivity, a low melting point (231 C), and high surface tension (0.544 N/m), and weldable with copper (Cu) and aluminum (Al). Therefore, it is widely used as the base material of solder in the integrated circuit packaging industry. Tin nanosphere which can be a solder welding sub-micron or nanowires. In order to obtain tin in a spherical shape, tin particles need to be reflowed in silicon oil (vaporizing point is 350 C). Because silicon oil has higher vaporizing point than tin melting point tin spheres can be reflowed in hot silicon oil. According to Yuan's results, 8) the wetting angle between tin and Al 2 O 3 is estimated to be $158{173
, which indicates that tin particles form easily. It has been demonstrated that surface roughness at nano scales possesses super hydrophobicity, resulting in droplets forming into solid spherical particles. Also, in our previous article 9) that bismuth (Bi) can form nanoparticles by thermo-immersion and to separate different sizes of balls using centrifugal force. According to Patankar's 10) simulation, the contact angle between a liquid and a solid is a function of the roughness of the solid's surface. Also, Cassie's analysis 11) states that the presence of pores on heterogeneous surfaces always enlarges the contact angles of drops. In his analysis, peaks with periodic spacing made the AAO an ultra phobic surface that facilitated the formation of particles during vaporization of tin film.
Nevertheless, uniform pore sizes with high density and aspect ratio on AAO are difficult to obtain using conventional lithographic techniques. In this study, self-assembled nanopores are made from aluminum bulk, foil, or film through a multi-step anodization process using various electrolytes at different applied voltages. The experience formula C ¼ mV, where C is cell size (nm), V is anodizing voltage (V), and m is a constant ($2{2:5) for estimation of pore sizing was used. The pore distance is estimated by 2R ¼ 10 þ 2V, where 2R is the spacing distance ($5{1000 nm).
12) Nano sized particles of tin were observed on the AAO surface due to pile up of tin vapor condensation, since the small AAO pore size makes it more difficult for tin to enter the inside of the pores.
Experiment
Heat-treated aluminum foil was mechanically and electrically polished using a two-step anodization process to form AAO according to Chen's technique. 13) Pore sizes with diameters from 5 to 40 nm on AAO were obtained by applying 12 volts in a 10% sulfuric acid electrolyte solution at 25 C. Pore sizes of about 30 to 90 nm were fabricated in a 3% oxalic acid solution by applying 40 volts at the same temperature. Pore sizes of around 150 to 500 nm were fabricated in 1% phosphoric acid solution by applying 165 volts at the same temperature. Pores were widened by immersion into a 5% phosphoric acid solution at 25 C for various lengths of time. Nano-pores were widened for durations of between 5 and 300 minutes. By applying a thermo-vaporizer for 1 to 5 minutes, irregularly shaped tin particles in nano sizes were formed on the AAO. Tin spheres were then obtained by reflowing vaporized AAO in the silicate oil (400 mpaÁs viscosity) at 300 C for 5 minutes. A transmission electron microscope (TEM JEOL 2000) was employed to characterize the crystalline of free-standing tin spheres. The microstructures of AAO templates and tin particles were observed using a scanning electron microscope (SEM, JEOL 6500F FESEM). The crystal structure of particles was determined by using XRD (Cu K 1 , Bruker D8).
Results and Discussion
In this work, various pores were fabricated on AAO by using sulfuric acid, oxalic acid, and phosphoric acid electrolytes in a two-step anodization process. Figure 1(a) shows the original pore size of 5 nm in a 10% H 2 SO 4 electrolyte solution. The pores were extended to 15, 20, and 40 nm (as shown in Figs. 1(b), 1(c) and 1(d) ) by immersion into a 5% H 3 PO 4 solution for 10, 20, and 30 minutes, respectively. The original pore sizes of 30 nm on AAO were obtained by using * Corresponding author, E-mail: chentexas@gmail.com
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a 3% (CHO 2 ) 2 electrolyte solution as shown in Fig. 2(a) , and then widened to 40, 60, and 90 nm diameters by using 20, 60, and 90 minutes of immersion time, respectively (see Figs. 2(b) , 2(c) and 2(d)). Larger AAO pores can be made using a low concentration (1%) phosphoric electrolyte solution with a high voltage of 165 V at 2 C. Figure 3 (a) shows AAO pores with a diameter of 150 nm, which were then widened to 250, 350, and 500 nm for 1, 3, and 4 hours, respectively, as shown as in Figs. 3(b), 3(c), and 3(d) .
Initially, tin vaporizes on the walls of the AAO pores and forms a thin film, then nano-sized deposits of tin particles form around the AAO pores. Depending on the pore sizes of the AAO templates, tin particles are obtained through thermo-vaporizing and reflowing of the silicon oil process. The sputtering tin film with thickness of 1 to 20 nm on AAO (pore diameter = 10 nm) can be reflowed to a range from 3 nm to 20 nm particles and finally agglomerated as a film, shown in Fig. 4 . On the other hand, the sputtering tin film with thickness of 3 to 1000 nm on AAO (pore diameter = 60 nm) can be reflowed to a range from 3 nm to 500 nm particles and finally agglomerated as a film, shown in Fig. 5 . A suitable deposition thickness (10 nm) of tin on AAO forming a tin nano sphere (18 nm) is presented in Fig. 5(d) . The Sn nanoparticles can be detached and collected when AAO sample with Sn particles was immersed in hot silicon oil. But, there still has about 30% Sn was retained in AAO, as showed in Fig. 6 . The XRD patterns in Fig. 7 indicate that the crystal orientation of tin particles forms a -Sn bodycentered-tetragonal (bct) structure with lattice constants of a = b = 0.582 nm and c = 0.317 nm (JCPDF, 4-673). A TEM investigation was carried out using a randomly selected 18 nm tin particle. A typical TEM micrograph of a randomly selected individual tin particle (Fig. 8) shows that the particle is dense and has a spherical morphology.
Conclusions
Tin particles from 3 to 500 nm were successfully fabricated on AAO templates using a thermo-vaporizing and reflowing process. Various pores at nano scales were Technique for Self-Assembly of Tin Nano-Particles on Anodic Aluminum Oxide (AAO) Templatesfabricated on the templates using a two-step anodization process. Pore diameter ranges of 5-30, 30-90, and 180-500 nm were observed on the AAO using sulfuric acid, oxalic acid, and phosphoric acid electrolytes, respectively. The tin particle sizes depended on both the thickness of the tin deposition and the pore diameters of the templates. Due to the large surface tension of tin and a high wetting angle at the interface to the AAO, tin particles can be reformed into a spherical shape, as revealed by the TEM morphology. 
